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Tooth preparation is the initial step in the fabrication 
of intracoronal and extracoronal restorations. The principles 
of tooth preparation can be divided into three broad 
categories: (1) biologic factors, which affect the health of 
the oral ·tissues; (2) mechanical factors, which affect the 
integrity and durability of the restoration; (3) esthetic 
factors, which affect the appearance of the patient ( 1) • 
Although many new restorative materials and instruments have 
been developed and refined, these principles still need to be 
considered prior to initiating a restoration. The restoration 
design is dependent on these principles to protect the 
remaining tooth structure from further destruction via 
bacterial invasion or mechanical failure, and to provide a 
satisfying esthetic result. 
In 1957, Charbeneau et al.(2) suggested that the 
irregularity of cut tooth surfaces resulting from the shaping 
of cavities may affect the adaptation of the filling material 
to the cavity walls as well as the strength of the enamel 
cavosurf ace margins. In a subsequent study ( 3) , they concluded 
that amalgam can compensate for such 
whereas inlays require the smoothest 
2 
surface roughness, 
possible walls to 
minimize wax pattern distortion. Today, with the increased 
use of elastomeric impression materials and well developed 
methods to control the degree of marginal adaptation(4), the 
reason for smoothing prepared tooth surf aces has become less 
important. conversely, a certain degree of surface roughness 
is necessary to ensure mechanical interlocking of the dental 
luting agent(5). 
Tooth preparation techniques, however, do af feet the 
geometry and roughness of the cavosurface margins(2, 6, 7, 8, 
9, 10, 11, 12, 13, 14, 15, 16). The interface between 
cavosurface margin and restoration has received substantial 
attention, because the tooth preparation margin is one of the 
components of a cast restoration most susceptible to failure. 
Marginal fit is considered to be a significant factor in the 
prevention of plaque accumulation related secondary caries and 
periodontal disease(17). 
In 1970, Bjorn et al.(18) used a 7-time magnifier with a 
scale divided in o. 1 mm fractions to examine intra-oral 
roentgenographs from 225 cases, and found 83 percent of gold 
crowns and 74 percent of porcelain crowns with defective 
approximal margins. The marginal defects were associated with 
a reduced periodontal bone level. 
Using scanning electron microscopy (SEM) with 
magnifications ranging from lOOOX to 2500X, Conway et al.(19) 
3 
and Saltzberg et al. (20) observed that an incomplete seal 
always occurs at the junction between tooth and restorative 
material, and the latter also confirmed that microbial plaque 





Lofstrom and Barakat(21) used the SEM to 
replicas of clinically cemented cast gold 
They found that the range of marginal openings 
was 7 µm to 65 µm in this study. They also reported a common 
finding that the presence of cracks in the cervical enamel of 
these crowned teeth, and suggested that the cracks may be a 
result of the thinned enamel near these crown margins before 
cementation. But they could not determined whether it existed 
before tooth preparation or was produced by instrumentation. 
In 1970, Schwartz et al. (22) reported that caries was the 
most frequent cause for failure (36.8%), while defective 
margin and periodontal disease occupied 11.3% and 6.8% 
respectively. Grasso et al.(23) in 1979 found that from 30% 
to 50% of the cavosurface margins of crowns and abutments were 
rated as inadequate due to lack of marginal integrity, 
overcontouring, and gingival overhangs. Recent studies(24, 
25) continue to demonstrate high prevalence of marginal 
deficiencies, and indicate that defective margins make the 
adjacent tooth surfaces more prone to decay. Without plaque 
no caries or periodontal disease would be initiated. 
Therefore, marginal adaptation is an important indicator of 
4 
overall acceptability, success, and longevity of the cast 
restoration. 
Reported research on margins for complete crowns(26, 27) 
can be divided into three broad fields - margin location, 
margin configuration ,and marginal gap width. Most of the 
studies associated with tooth preparation from different 
instrumentation were limited to intracoronal cavity walls and 
margins for plastic materials and inlays(2, 6, 7, 8, 9, 10, 
11, 12, 13, 14, 15). However, few studies(16) have been 
performed related to the roughness of cavosurf ace line angle 
of tooth for extracoronal restorations. Yet, such information 
appears extremely relevant to the predictability of clinical 
success. 
Therefore, the purpose of this SEM investigation is to 
describe and compare the morphology (i.e. consistency and 
roughness) between cavosurface line angles after tooth 
preparation for extracoronal restorations utilizing high and 
low speed carbide and diamond cutting instruments on extracted 
natural teeth under simulated clinical conditions. 
CHAPTER TWO 
REVIEW OF THE LITERATURE 
In spite of careful fabrication and precise cementation 
of the cast restoration, a small gap always remains between 
the crown margin and the cavosurface line angle of the 
prepared tooth ( 19, 2 o) • since many factors affect the overall 
acceptability and long-term success of a cast restoration, 
attention to the preparation details, margin location and 
geometry, the impression, fabrication and fit of the casting, 
cementation, and maintenance and follow-up are necessary to 
ensure appropriate marginal fit, esthetics, and periodontal 
health. 
Consistent with the purpose and design of this 
investigation, this literature review is limited to the 
correlation between the cavosurf ace line angle of the prepared 
tooth and the accuracy of the cast restoration. 
Principles of Margin Preparation 
Three factors are classically involved in margin 
preparation: biologic, esthetic, and mechanical factors. An 
5 
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optimal margin should satisfy all applicable requirements in 
all three categories. 
Biologic Factors 
The most important biologic consideration is to minimize 
the effect that the cavosurface margin will have on 
periodontal health. 
There are three locations in which to prepare crown 
margins: (1) supragingival, (2) at the crest of the gingiva, 
(3) subgingival(26). If we refer to modern prosthodontic(28, 
29, 30) and periodontal (31) textbooks, the cavosurface margins 
is recommended to be placed as far supragingival as possible 
even though esthetics may be compromised. 
In 1967, Marcum(32) demonstrated in a histologic study of 
gingival responses related to the margin location of gold 
crowns on dogs' teeth that crowns with margins located at the 
gingival crest caused the least inflammatory response, but 
supragingival and subgingival margins caused the most severe 
inflammatory response. 
In 1970, Silness published three classic articles (33, 34, 
35) entitled "Periodontal conditions in patients treated with 
dental bridges". He concluded that (1) subgingival bridge 
retainer margins have an adverse effect on the periodontal 
condition of abutment teeth, (2) partial veneer retainers are 
more advantageous than full coverage retainers regarding 
7 
plaque accumulation, gingivitis development, and pocket 
formation, (3) plaque is responsible for the significantly 
greater gingival pathosis associated with subgingival margins 
as compared to supragingival margins, and (4) from a 
periodontal point of view, a supragingival crown margin is to 
be preferred. 
In 1991, Felton et al. (36) used scanning electron 
microscopy to evaluate marginal discrepancies of subgingival 
facial margins of 42 gold and metal-ceramic crowns, and 
recorded the periodontal indices including the gingival index, 
crevicular fluid volume, and pocket depth. They found that 
(1) the marginal discrepancies for all restorations varied 
from 5 to 430 µm (mean 160 µm), (2) the type of restorative 
material and the age of the restoration had no influence on 
the periodontal response, (3) a strong correlation existed 
between marginal discrepancy and gingival index and crevicular 
fluid volume except for pocket depth. 
The same year, Bader et al.(37) examined 831 regularly 
attending patients to investigate the effect of crown margins 
on periodontal conditions, and showed significantly greater 
gingival inflammation and deeper probing depths with 
subgingival cast restoration margins for almost all surfaces 
examined. They concluded that even among patients receiving 
regular preventive dental care, subgingival margins are 
associated with unfavorable periodontal responses. 
8 
There are three aspects of subgingival margins that have 
been recognized to influence plaque accumulation: depth of 
preparation, lack of precision of the marginal seal with 
subsequent exposure of cement, and the presence of imperfectly 
polished margins(38). 
Most authors who recommended subgingival margins did so 
for empirical reasons relating to extension for 
prevention(26). This concept originally grew from a belief 
that the gingival sulcus represented a caries-free zone(29). 
Although several indications for subgingival margin exist - to 
remove caries, to place margin on tooth structure rather on 
existing restorations, to gain adequate retention, or to meet 
esthetic demands (39), there are four biologic disadvantages of 
subgingival margins:(l) more difficult tooth preparation and 
impressions, (2) limited detectability of marginal fit and 
contour, (3) intrusion of plaque-retaining materials into the 
sulcus, and (4) limited access for plaque removal(17). 
Esthetic Factors 
Two aspects are involved in this category - Illa_r-=g_i_n __ _ 
location and adequate reduction for cosmetic materials. 
The location of the cavosurface line angle has been 
related primarily to the esthetic concerns of patients. 
Increasingly, patients are viewing visible cervicofacial metal 
collars as esthetic failures, even in the posterior 
9 
region(40). Esthetics is one of the indications for placing 
margins subgingi vally, particularly for maxillary anterior 
teeth, although porcelain butted restorations are a better 
alternative. 
However, Polomo et al. (41) noted that a crown margin 
should not be placed within 1. 5 mm of the alveolar crest. 
This is because they stated that the healthy biologic width is 
at least 1.5 mm between the base of the sulcus (junctional 
epithelium) and the crest of the alveolar bone. These 
investigators are of the opinion that when restoration 
placement renders a biologic width of less than 1.5 mm, the 
gingival crevice will deepen resulting in apical migration of 
the epithelial attachment and associated loss of crestal bone. 
In 1987, Block(42) stated that the biologic width is a 
histologic feature with a highly variable dimension, and it is 
not suitable as a unit of measure for margin placement. He 
suggested that a healthy, stable gingival margin is the best 
reference, and an ideal res tor a ti ve margin should not be 
carried beyond 0.5 mm into the gingival sulcus for two 
reasons: it can be reached by the patient's hygiene efforts 
and it is away from the epithelial attachment complex. 
Interestingly, Valderhaug and Birkeland(43) in 1976 
observed periodontal conditions in patients 5 years following 
insertion of fixed prostheses and determined that whereas 65 
percent of 1248 tooth-surface margins were initially placed 
10 
subqingivally, only 41 percent were still subqingival after 5 
years. 
In a similar five-year study, Turner(44) found that many 
more mesial and distal margins remained subqingival (78.7-
86.7%) with the mean pocket depths of 2.5+0.1 mm, compared 
with the labial and palatal margins of which 60. 7-65. 6% became 
supragingival with an associated mean pocket depth of 1.7+0.l 
mm. He suggested that the response of the gingivae to the 
placement of crowns is both pocket formation and gingival 
recession, and that the degree of this response varies around 
the circumference of the tooth. 
In 1987, Orkin et al. (45) surveyed 423 crown margins 
including 355 subqingival margins and 68 supragingival 
margins. The plaque index, gingival bleeding, and recession 
surrounding the artificial crown were recorded. They found 
that crowns with subgingival margins were 6 .13 times more 
likely to cause gingival recession than were supragingival 
crowns, but the difference was negligible between the 
supragingival crowns and the natural teeth. This result 
indicates that placing crown margins subgingivally for 
esthetic reasons is unpredictable. 
In 1985, Crispin et al.(46) assessed the attitudes of 
patients who had existing esthetic veneer crowns with 
supragingivally positioned margins. They suggested that 
satisfactory results can be obtained on many patients when 
crown margins are placed supragingivally, and the routine 
11 
placement of subgingival margins for esthetic reasons should 
be avoided unless an informed patient insists on such 
treatment. 
It is essential that a tooth preparation provides 
sufficient space for the development of good axial contours. 
This will enable the junction between the restoration and the 
tooth to be smooth and free of any ledges or abrupt changes in 
direction(47). When the gingival surface of a tooth 
preparation has insufficient axial reduction, either the color 
of the thin porcelain cannot be controlled, or the crown must 
be overcontoured in the cervical area which in turn will lead 
to poor gingival response. 
Recommendations for the width of labial shoulder of 
metal-ceramic and all-ceramic crowns have included at least 
1.0 mm for both(48, 49, 50) and 0.8 mm for all-ceramic(51, 
52). 
Mechanical Factors 
The requirements of this category can be divided into two 
areas: those affecting the marginal integrity during the 
porcelain application, and the effect of margin configurations 
at crown cementation. 
In 1973, Shillingburg et al.(53) compared the marginal 
openings of four different margin designs during the porcelain 
firing procedures. They demonstrated that the shoulder and 
12 
bevelled shoulder margins could resist distortion better than 
chamfer margins with or without bevel. 
In a similar study, Faucher and Nicholls ( 54) investigated 
the marginal distortion of three marginal designs incurred 
during the firing of porcelain - degas, opaque, first body, 
second body, and glaze. They found that shoulder and bevelled 
shoulder configurations presented significantly less marginal 
distortion than chamfer designs and the labial margins 
distorted lingually in all three margins tested. 
These two studies support the theory that the placing of 
thicker metal at the cervical margin reinforces this margin 
and minimizes the marginal distortion. 
In 1981, Gavelis et al. (55) stated that when the crown is 
cemented the axial wall of the preparation approaches the 
axial wall of the internal crown surf ace. The escape path for 
the cement decreases, causing the hydrostatic pressure within 
the crown to increase until it matches the patient's biting 
force, then the crown can not seat further. The better 
seating of the restorations with shoulder margins is due to 
the poor seal before complete cementation. This configuration 
allows the cement escape marginally more smoothly without 
filtration. In their study, the feather edge and parallel 
bevel margins showed the best marginal seal (31 to 44 µm) 
before cementation, but after cementation the 90-degree 
shoulder demonstrated the best seat (85 µm). 
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In 1985, Belser et al.(56) compared clinically the fit of 
three metal-ceramic crown margin designs - bevelled metal 
margin with 20-degree bevel, metal butt margin and porcelain 
butt margin, before and after cementation using replica 
technique under the SEM evaluation. They found that the mean 
of marginal openings of bevelled metal margins before and 
after cementation was 18 µm and 30 µm respectively, whereas 
metal butt margins were 25 µm and 45 µm, and porcelain butt 
margins were 33 µm and 46 µm. This study indicates that the 
bevelled shoulder configuration provided better marginal fit 
before and after cementation, and marginal openings had 
increased 12 to 20 µm in all three groups after cementation. 
In 1993, syu et al.(57) investigated the influence of 
shoulder, bevelled shoulder and chamfer labial finish-line 
designs on the marginal fit of complete crowns before 
cementation. They concluded that marginal fit before 
cementation was not influenced by the type of margin 
configuration, but the labial shoulder margin produced the 
best result. 
The surface roughness of prepared tooth also influences 
the retention of a restoration. Smith(58) in 1970 correlated 
the effect of the surface roughness with the casting 
retention, and showed that altering the prepared dentin 
surface from 5 to 120 microinches roughness did not 
significantly affect the retention of a completely vented cast 
crown. 
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In 1986, Tjan and Sarkissian(59) found that despite tooth 
surface polishing or not, it did not affect the retention of 
the crowns cemented with glass ionomer cement. However, rough 
surface enhanced the mechanical interlocking of zinc phosphate 
cement. They also concluded that polishing the preparations 
improved the crown seating. The same year, Witwer et al.(60) 
obtained the opposite result that optimum cast crown retention 
was achieved for zinc phosphate cement with grooved crowns and 
a smooth tooth surface finish. 
In 1987, Felton et al. (61) compared the retention of 
crowns cemented on teeth prepared with carbide burs with 
crowns cemented on teeth prepared with diamonds. They 
concluded that if other things are equal, teeth prepared for 
full crowns with diamond burs will have 31% greater retention 
than preparations done with carbide burs. 
Two studies demonstrated that using the photoelastic 
models to investigate the effects of various margin 
configurations on the stress distribution in a restoration. 
In 1969, El-Ebrashi et al. (62) studied experimental 
stress analysis on photoelastic models of the class II cavity 
inlays as it relates to different margin designs. They_f_o_u_n_d __ ~ 
that the chamfer and the shoulder with a rounded axiogingival 
line angle showed the least stress concentration, and the that 
shoulders with bevels(-15°, +is· and 45°) and feather edges 
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showed the most stress concentration. They showed that 
rounding the axiogingival line angle in shoulder geometry 
experiments reduced the stress concentration factor up to 50%. 
In a similar study, Farah and Craig(63} obtained that the 
chamfer configuration of the full cast crown exhibited the 
least amount shear stress at the margins , followed by the 
chisel edge and the flat shoulder with a rounded angle at the 
axial wall. 
Margin Configurations 
As mentioned above, periodontal health, esthetics, and 
marginal integrity are the three major determinants of margin 
configuration with extracoronal cast restorations. The 
objective of any margin preparation is to provide adequate 
space for restorative materials at the cavosurface line angle 
and also to maintain the strength of the enamel at the 
cavosurface line angle(64). 
Unfortunately, there is no universally accepted basis for 
classifying margin designs, and many textbooks avoid verbal 
definitions in favor of illustrations which are still 
misleading and confusing(65). 
In 1985, Donovan and Prince(66} analyzed three common 
facial margin configurations for metal-ceramic crowns 
bevelled shoulder, sloped shoulder and 90-degree shoulder with 
a porcelain butt labial margin. They suggested that the 
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bevelled shoulder is indicated for nonesthetic regions due to 
a significant metal collar; the sloped shoulder is suitable 
for esthetic regions in patients with excellent oral hygiene 
because of rough materials at margin edge; the porcelain butt 
margin must be prepared close to a 90-degree angle to allow 
the porcelain functioning under compressive forces. 
In 1991, Butel et al. (67) undertook a dental school 
survey about margin design for metal-ceramic crowns, seven 
designs were included, and they found that the flat shoulder 
and 45-degree bevelled shoulder margin designs were most 
popular for maxillary and mandibular anterior and maxillary 
posterior teeth. However, the 45-degree bevelled shoulder and 
chamfer margin designs were most popular for mandibular 
posterior teeth, and the feather-edge margin design is not 
considered acceptable for metal-ceramic restorations. 
Most of textbook authors(68, 69, 70, 71) recommend and 
illustrate that using a 90-degree shoulder margin for the all-
ceramic crown and the facial part of a metal-ceramic crown, 
and placing a chamfer margin for the lingual part of metal-
ceramic crown and a cast metal crown. 
Instruments and Techniques of Margin Preparation 
Instruments can be divided into two broad categories, 
rotary and hand instruments. Most operative procedures on 
teeth are carried out with rotary instruments first. 
17 
The rotary instruments may be divided into two groups: 
high speed and low speed instruments. The high-speed 
handpiece is an air-driven turbine and is generally used for 
removing hard tooth substance and old restorations without 
effort. The speed of the turbine is usually in the range of 
250,000 to 450,000 r.p.m. Before the late 1950s, instruments 
that rotated at speeds of less than 12,000 r.p.m. were in 
general use(72). 
The cutting part of a high-speed bur is made from 
tungsten carbide or diamond particles. Dykema et al. ( 7 3) 
stated that carbide burs, when used for bulk reduction around 
a tooth, are more difficult to control than a diamond bur. 
They tend to wander more frequently from the desired pathway, 
leaving undulations in the finishing line and tooth surface. 
The diamond burs are most effective for removing enamel 
and old restorations of amalgam and composite resin, and for 
cutting through porcelain. However, diamond burs are 
unsuitable for cutting through cast metal alloys. 
Low-speed instruments are used for procedures such as 
excavating carious dentine, refining retentive grooves in 
cavities, finishing cavities and restorations, and polishing. 
For the tooth preparation of full crowns, however, the 
finishing is more commonly done at medium to high speed with 
plain carbide finishing burs, fine grain diamond burs or 
tungsten carbide bladeless stones(74). 
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Hand cutting instruments can be placed in three 
categories: flat end (chisel, hatchet, hoe), angled end 
(margin trimmers, angle formers), and round end 
(excavators)(75). The two former groups are used to plane 
away unsupported enamel after tooth preparation with rotary 
instruments. Smith and Clark(76) in 1989 used the SEM to 
investigate the changes in blade edges after use, and found 
that stainless-steel instrument blades dull (after 5 strokes) 
more rapidly than carbon-steel instrument blades (requiring 
25-50 strokes). 
The use of depth-guide grooves in the early preparation 
stage is suggested to ensure adequate and uniform tooth 
reduction(77). Then the shape of the bur or stone should be 
chosen to match the configuration of the surface and margin 
that is being prepared(74). 
The chamfer configuration requires that a round-ended or 
torpedo-shaped cutting instrument be selected that will 
provide at least 0.5 mm of reduction while using equal to one-
half its diameter to develop the chamfer contour(68). 
A pre-measured flat-ended straight or tapered bur should 
be used for the shoulder margin while keeping the entire 
rotary instrument diameter within peripheral tooth 
contours(69). 
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Methods of Observation 
Since the introduction of faster operation speeds for 
rotary instruments, there has been an increased concern 
regarding the effects of various instruments on the cut tooth 
surface. Before 1952, most of the direct observations and 
comments in the literature were based on clinical experience 
and empirical methods. 
In 1952, Lammie(78} first used powered graphite to reveal 
the photographic details of cavity preparation under the 
Vickers Projection Microscopy. 
The next year Street(79} described his method to show the 
width of the scratches produced by instruments more clearly. 
Each sample was coated with a paste made of lamp black and 
alcohol. When the paste had dried, the surface was wiped with 
a piece of soft rubber to remove the excess so that a residue 
was left in the scratches made by the instrument. These 
specimens were then viewed microscopically at various 
magnifications. 
In 1956, Peyton and Mortell(80} used shadowing with a 
thin film of copper to make the tooth less translucent so as 
to reveal better surface detail. A copper filament was 
vaporized in vacuum permitting the copper to be deposited on 
the surface of the specimen. In a similar study, Allan(81} 
shadowed the tooth walls with aluminum. 
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In 1957, Charbeneau et al. (2) used an instrument, a 
proficorder, to record surface roughness to a resolution of 
one micro inch. The prof icorder is a mechanical-electronic 
instrument which provides a permanent magnified chart 
recording of the shape, height, and spacing of the surface 
irregularities. Vertical movements of a diamond stylus tip, 
with a 0.0005 inch radius, will react through a transducer to 
modulate a carrier voltage which is fed into an amplifier and 
recording unit. 
In 1968, Grieve(?) took photomicrographs of the 
cavosurf ace margins in three locations ( occlusal, middle, and 
gingival third) of the cavity margin. The negatives were then 
projected at a standard distance of 75 inches and the margin 
outline was drawn onto a plain paper. In order that the 
degree of roughness could be assessed, a smooth "ideal" line 
was drawn to this outline of the margin using a flexible 
ruler, and then the rough area was shaded and calculated using 
the formula for an area under a curve. The mean of the three 
results in each series gave a resulting "roughness factor" for 
that particular instrument. 
In 1969, Boyde and Knight{S) first showed the usefulness 
of SEM in studying operative dental procedures. Specimens 
were glued to 3 mm aluminum rivets and coated with about 20 nm 
carbon and then about 30 nm gold in a vacuum evaporator. A 
few specimens were coated with Duron, an aerosol antistatic 
spray, but it proved unsuitable for high resolution because of 
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its drying in drops on tooth surfaces. In a subsequent study, 
they introduced a frozen specimen method that permitted 
specimens to be examined under the SEM without the application 
of a conducting coating. 
In 1987, Theuniers and de Clercq{16) 
smoothness of preparation margins obtained 
compared the 
by different 
finishing procedures. The samples were evaluated by the aid 
of an SEM and a profilometer. The profilometer measurements 
provided a graphic registration and numeric roughness average 
values. 
Recently Wahle and Wendt{82) used a profilometer to 
analyze the roughness of the dentinal surfaces treated with 
various grits of Sic abrasive paper, carbide, and diamond 
burs. 
Microscopic Findings (Table 1. 2. J, 4) 
In 1953, Street{79) first undertook an organized study to 
determine the effects produced on the enamel walls of 108 
extracted teeth when cut with 4 types of burs, 4 types of 
stones, 7 kinds of disks, and 2 chisels. For each bur,stone 
and disk used, four rotational speeds were employed under both 
wet and dry conditions. He found that the sandpaper disk 
produced the smoothest finished surface, the fissure burs did 
not nick the enamel nearly as much as the mounted carborundum 
stones, the carborundum and diamond disks left prominent 
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grooves, and indentations made by sharp chisels did not 
confirm the hypothesis that a smooth surface on the enamel 
wall of a cavity can be produced with such instruments. 
In 1956, Peyton and Mortell(80) presented an alternate 
method for examining the prepared tooth surf aces in comparison 
with Street's observation. They concluded that little 
difference in results could be observed from different speeds 
of rotation, or from using the instrument wet or dry. 
However, the difference between burs, carborundum stones, and 
various diamond instruments was significant. They agreed with 
Street's opinion that hand instruments did not seem to present 
a superior surface to that resulting from rotary instruments. 
In 1957, Charbeneau et al. (2) used a proficorder to 
quantify the roughness of the prepared surf aces of extracted 
anterior and premolar teeth. A Chayes WWCL contra-angle and 
a Chayes No. 3 handpiece and a Hanau water spray were used in 
making all surface cuts, the speed of rotation was judged by 
a tachometer at 18,000 r.p.m. They concluded that (1) the 
carborundum disk produced the smoothest disked surface, with 
a roughness about 60 micro inches (mµ") , ( 2) cylindrical 
diamond points produced surfaces with the maximum roughness 
heights ranging from 800 to 2,000 mµ", (3) the 701 steel and 
carbide burs produced similar roughness values of about 400 
mµ" with a 2-ounce force, and increasing the force to 8 ounces 
tripled the roughness created by the carbide, (4) a roughness 
of 75 mµ" was produced by the 600 steel tapered finishing bur, 
23 
40 mµ." by the white finishing stone, and 8-0 mµ." by the green 
stone, (5) light force resulted in 1.5 times greater 
penetration of the cutting blades into the enamel than in 
dentin for both steel and carbide burs, and (6) increased 
cutting speeds from 18,000 to 170,000 r.p.m. with comparable 
diamond and carbide instruments led to negligible difference 
in surface roughness with 2-ounce force. 
In 1959, Fanibunda(6) observed the enamel wall as well as 
the cavity enamel edge. He found that the orientation of the 
blade of a cutting instrument in relation to the direction of 
the enamel prisms plays an important role in the type of edge 
and surf ace produced on enamel, but the edge and surface 
created by a grinding instrument depends on the surf ace of the 
instrument, not the direction of the enamel prisms. He also 
suggested that a margin-trimmer gives the smoothest possible 
finish of enamel margins, when used as indicated. The enamel 
surface should be made as smooth as possible with rotary 
instruments before the use of margin-trimmers. 
The same year, Vale(83) showed that plain cut carbide 
burs produced a smooth finish at slow speed (20,000-30,000 
r.p.m.) but not so smooth at higher speeds (250,000 r.p.m.). 
He suggested that this was possibly due to the eccentric 
movement of a bur at higher speeds, which might cause only one 
blade to be brought to bear on the tooth surf ace and so 
scoring the surface with the profile of the blade. At slower 
speeds each blade in turn would be brought to bear on the 
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surface and the average profile of all blades would lead to 
produce the finish. 
In 1968, Allan (81) prepared proximal cavities at low 
speed (2,500 r.p.m.) and high speed (250,000 r.p.m.) 
respectively, then separated the right and left walls for 
examination. He reported two main findings: first, high speed 
cutting tends to produce dominant cross striations compared 
with the same bur at slow speed, consistent with Vale's 
phenomenon. Second, slow speed cutting employs higher torque 
values and the bur tends to creep round the tooth in a 
clockwise direction. The right wall of a mesial box showed a 
rounded enamel edge whereas the left wall was cupped and a 
weak enamel edge often resulted. This effect did not occur at 
high speed because the torque is considerably less. 
Grieve(?), the same year, prepared class II cavities 
initially with high speed diamond bur, then using 11 kinds of 
finishing instruments to smooth the buccal and lingual walls. 
He only used a gingival margin trimmer to finish the cervical 
margin. He demonstrated that a tungsten carbide plain-cut 
fissure bur rotating at 20,000 r.p.m. produced the best result 
on the buccal and lingual margins, and the gingival margin 
trimmer created an acceptably smooth cervical margin. He also 
found that all the rotary instruments used at low speed (5,500 
r.p.m.) tended to produce a very rough, ill-defined margin on 
the left-hand embrasure wall. 
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In 1969, Boyde and Knight(S) first presented an SEM 
observation of cavity preparations. They found that (1) 
diamond burs produced cavity margins with defects, presumably 
caused by chipping-away of enamel prisms, commonly more than 
20 µm or much greater, (2) tungsten-carbide burs created the 
smoothest margins, less than 0.5 µm irregularity, but steel 
burs produced defective margins up to 4 µm. They also studied 
the fit of amalgam fillings, and cohesive gold, acrylic, and 
silicate restorations. 
In a subsequent investigation(9), they concentrated on 
the prepa·red embrasure walls of class II ca vi ties, and found 
that the embrasure margin had fewer imperfections on the side 
where the cutting blades rotated towards the enamel surface, 
but the surface enamel prisms characteristically fractured out 
to leave a rough cavity margin on the side where the cutting 
blades rotated out of the box. According to these results, 
they disagreed with Allan and Grieve's opinion because these 
margins were cut with high-speed burs. They also suggested 
that the best finish at the cervical margin was produced by 
"safe ended" tungsten carbide fissure bur, however, a chisel 
could finish the cervical margin very smoothly. 
In 1973, Boyde(10) tried to find a solution to finish the 
exit margin of the approximal walls of class II cavities. He 
demonstrated five methods: (1) an counter-clockwise bur, (2) 
a bladeless tungsten-carbide finishing stone, (3) a sharp 
chisel, (4) protected exit margins temporarily by a material, 
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and (5) use of abrasive paper disks. He found that all the 
techniques were shown to be successful in improving the 
quality of exit side proximal wall cavity margins. 
In 1974, Barnes(ll) conducted SEM evaluation of a series 
of enamel bevels of class II inlay cavities produced by 9 
types rotary instruments at low speeds ( 6, ooo to 12, ooo 
r.p.m.) and high speeds (300,000 to 450,000 r.p.m.), and a 
gingival margin trimmer. Two main suggestions were made: 
first, diamond burs of whatever grain should not be used to 
finish the cavity walls; second, the smoothness of bevels 
produced by the gingival margin trimmers are inferior to those 
produced by bladed carbide burs and tungsten-carbide stones; 
the 45 degree ended gingival tungsten-carbide stones produced 
the smoothest surface and the correct angulation. 
Tronstad and Leidal(12, 13) in 1974 and 1975 published 
two articles regarding the quality of cavity margins finished 
with chisels, and rotary instruments at low speed (6,000 
r.p.m.), high speed (120,000 r.p.m.), or ultra speed (400,000 
r.p.m.), by means of SEM. The condition of the cavity margins 
was scored at a magnification of approximately 150X according 
to a cavity margin index (CMI) system proposed by the authors. 
-----
The criteria for the CMI system are as follows: 
Score o = perfect margin; 
Score 1 = acceptable margin. Few, isolated small chips 
at the enamel edge; 
Score 2 = imperfect margin. 
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Continuous row of small 
chips and/or some larger chips at the enamel edge; 
Score 3 = unacceptable margin. Many large chips or a 
continuous fracture of the enamel edge. 
They also stated that the CMI system scores of o to 3 are 
values on an ordinal scale and therefore not suited for 
parametric statistical treatment. They found that the best 
result of marginal finish was obtained with the combined use 
of abrasive paper disks at low speed and gingi val margin 
trimmers. At the entry side of the cavity walls, the quality 
of the margins was perfect or acceptable regardless of bur 
type used. The finish of the gingival margins was 
unacceptable using any burs at low or ultra speeds, except 
when a tilting of the burs of about 20 degree at ultra-speed 
resulted in a beveling of the margins. 
In 1976, Kinzer and Morris(75) reported several results 
of instrumentation under a light microscopic observation: (1) 
conventional carbide burs having 6 to 8 blades produce cavity 
margins that are rough and irregular, (2) diamond instruments 
produce similar results but with a different pattern of 
roughness, (3) chipping of enamel is seen primarily at 
proximal margins where the bur moves out of the cavity, and at 
the gingival margin, (4) twelve to 40-bladed finishing burs 
produce relatively smooth and regular margins, (5) good 
margins result when hand instruments are used with a scraping 
or hoeing action, and (6) planing enamel walls with the blade 
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edge parallel to the enamel rods causes siqnif icant chipping 
along the cavity, whereas the blade is angled to cut across 
the rods the margin and surface appear much smoother. 
In 1977, Rodda and Gavin(14) conducted SEM comparisons of 
the effects on marginal finishing procedures of MOD cavities 
at a conventional speed (3,200 r.p.m.) and an ultrahigh speed 
( 192, 000 r.p.m.). Their observations indicated that ( 1) 
fissure burs were unsuitable tools for finishing gingival 
walls, (2) tungsten-carbide stones and end-cutting burs 
produced acceptable but variable cavosurface margins, (3) the 
use of gingival margin trimmers following end-cutting burs 
gave the best results, and (4) for gingival bevels a better 
finish was obtained with steel flame burs operating at low 
speeds than with finishing diamonds used at high speeds. 
In 1983, Barkmeier et al.(15) evaluated the quality of 
enamel cavosurface bevels prepared with four ultraspeed rotary 
instruments under SEM examination. The photographs were 
evaluated using the following criteria: (1) smoothness of 
beveled surface and (2) sharpness and clarity of junction of 
the bevelled surface and intact enamel. They found that the 
straight fissure bur produced the smoothest and most distinct 
bevel, followed by the 40-fluted finishing bur, the 12-fluted 
finishing bur, and the superfine diamond stone. 
In 1987, Theuniers and De Clercq(16) tried to compare the 
smoothness of prepared crown margins generated by different 
finishing procedures. They used 6 types of rotary instruments 
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and 3 kinds of handpieces (250,000 to 500,000 r.p.m., 12,000 
to 120,000 r.p.m., and 4,000 to 40,000 r.p.m.). They 
concluded that (1) the best results were obtained with carbide 
finishing burs, followed by a dura White stone and the diamond 
burs, (2) the roughness of the surf4ces prepared with diamond 
burs was directly proportional to the diamond grain size, and 
(3) the polishing capability of a bu~ was increased by reduced 
rotation speed. 
In 1989, Hargreaves and G~ossman(84) examined the 
appearance of class V cavities inv0 1ving enamel, dentin and 
cementum, with and without acid ~tching, by means of SEM. 
They reported that there was alway~ a gap between the enamel 
and cementum boundaries, the dentinoenamel junction was 
clearly visible in all etched specituens where the cementum was 
well developed, and in all unetched specimens a smear layer of 
enamel, dentin, and cementum Wqs produced during tooth 
preparation. 
The Purpose of This study 
Few of the above articles, that have described and 
compared the influence of various ~otary and hand instruments 
on tooth preparation, mention the following situations: (1) 
preparation for cast extracoronal restorations, (2) focusing 
on the cavosurface line angle afte~ tooth preparation, and (3) 
describing the prepared marginal ~onfigurations. 
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This SEM investigation attempts to describe and correlate 
the marginal configuration of tooth preparation for maxillary 
anterior extracoronal restorations resulting from different 
rotary and hand instruments with the morphology (i.e. 
consistency and roughness) of cavosurface line angle. 
Standardized, simulated clinical conditions were used. 
The null hypothesis of this study is that there are no 
significant different results among various preparation and 
finishing procedures on the cavosurface line angle. If this 
is true, it implies that the selection of rotary instruments 
and the sequence of preparation and finishing procedures are 
not important for the clinical practice. If differences are 
confirmed, dentists can not ignore those factors that will 
influence the quality of the clinical practice. 
Depending on the findings of this study, several 
implications of this study may be: (1) improved preparation 
and finishing procedures, (2) improved design of rotary 
instruments, and (3) as a base line for future investigations 
regarding marginal gap width, cement flowing, and periodontal 
response. 
Table 1. Comparison of Previous Studies Part I 
Teeth before 
Preparation - of Preoaration -· 
Class 
Author II 
(Year) Sliced Intact surface Bevel Cavity Crown 
1. Street I - I - - -
( 1953) (108) 
2. Peyton, I - I - - -
et al.(1956) 
3. Charbeneau, - I I - - -
et al.(1957) 
4. Fanibuicla - I - - I -
(1959) (84) 
5. Vale - I - - I -
(1959) 
6. Al Lan - I - - I -
(1968) 
7. Gdeve - I - - I -
(1968) (33) 
8. Boyde, - I - - I -
et al.(1969) 
9. Boyde, - I - - I -
et al.(1970) 
· 10. Boyde - I - - I -
(1973) 
Rotating SDeeds (r.p.•.) 
Silllllatec:I 
Clinical High Ultra 
Conditions Low Speed SDeed Soeed 
- 300-3,400 - -
- 4,000 12,000 -
- 18,000 170,000 -
Yes - - -
- 3,000 - 20,000 250,000 
4.000 -30.000 
Yes 2,500 250,000 -
Yes 5,500 20,000 -
- - - -
Yes - - -















Table 2. Comparison of Previous Studies Part I (Continued) 
Teeth before 
Preparation - of Preparation -· 
Sirulated 
Author Class II Clinical 
(Year) Sliced Intact Surf ace Bevel Cavity Crown Conditions 
11. Barnes - I - I - . . 
(1974) 
12. Tronstad, - I - - I - Yes 
et al. ( 1974) (65) 
13. Leldal, et al. - I - - I - Yes 
( 1975) (136) 
14. Kinzer, et al. - . - - I - . 
(1976) 
15. Rodda, et al. - I - - I - Yes 
c19n> 
16. Barkmerier, . I - I - - -
et al.(1983) (16) 
17. Theuniers, I - - - - I -
et al.(1987) (56) 
18. Hargreaves, - I - - I - . 
et al.(1989) (30) (Class V) 
19. Wahle, et al. - I I - - . . 
(1993) (48) 
Rotating Sneedll(r.p.•.) 
Low High Ultra 
Soeed Speed Soeed 
6,000- . 300,000-
12 000 400.000 
6,000 - . 
- 120,000 400,000 
- . . 
3,200 - 192,000 
. - -
4,000- 12,000- 250,000· 
40,000 120,000 500 000 
















Table 3. Comparison of Previous Studies. Part II 
Method of Cbservation Method of Interpretation 
Author Replica 
(Year) Light-M SEM Proficorder Qualitative Quantitative Technique 
Profilometer 
1. Street I - - I - -
(1953) (37X) 
2. Peyton, I - - I - -
et al.(1956) 
3. Charbeneau, - - I - I -
et al.(1957) 
4. Faniluida I - - I - -
(1959) (21X) 
5. Vale I - - I - -
(1959) 
6. Allan I - - I - -
(1968) (40X) 
7. Grieve I - - - I -
(1968) (10X) 
8. Boyde, - I - I - -
et al. (1969) (650X -
1700X) 
9. Boyde, - I - I - -
et al.(1970> (17X -
1870X) 
10. Boyde, - I - I - -
et al.(1973) 
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Table 4. Comparison of Previous Studies. Part II (Continued) 
Method of Observation Method of Interpretation 
Author Repl ice 
(Year) Proficorder Technique 
Light-M SEM Profilometer Qualitative Quantitative 
11. Barnes - I - I - -
(1974) C17X-
1000X) 
12. Tronstad, - I - - I -
et al.(1974) csox-
150X) 
13. Leidal, - I - - I -
et al. C 1975) (SOX-
150X) 
14. Kinzer, I - - I - -
et al. (1976) C150X) 
15. Rodda, - I - I - -
et al. (1977) csox-
220X) 
16. Barlcmerier, - I - - I -
et al. (1983) C100X) 
17. The\.l'I i ers, - I I - I -
et al. (1987) 
18. Hargreaves, - I - I - -
et al. (1989) C17X -
1000X) 
19. Wahle, - - I - I -
et. al. (1993) 
CHAPTER THREE 
MATERIALS AND METHODS 
Collection and Treatment of Extracted Teeth 
Eighty extracted human maxillary anterior teeth of 
comparable coronal dimensions were used for this study. 
Visual examination was performed on approximately 200 
extracted teeth obtained from the departments of Endodontics, 
Oral Surgery, and Dental Materials. Eighty could be included 
within this study because they met predetermined criteria of 
coronal dimension and integrity. The patients' histories are 
unknown. 
The teeth were treated as per The Centers for Disease 
Control and Prevention (CDC) recommendations regarding 
decontamination of extracted teeth(85). They were submerged 
in Cidexplus (3. 2% Glutaraldehyde, Surgikos, Arlington, Texas) 
for 24 hours, then cleaned by scrubbing with detergent and 
water. 
Each tooth was examined under a microscope (AO 
Sterostar/ZOOM microscope, Buffalo, NY) at lOX magnification. 
Screening criteria were as follows: (1) intact and continuous 
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cementoenamel junction (CEJ); (2) no caries, calculus, and 
restorations above the CEJ; and, (3) smooth enamel surfaces. 
After screening, the remaining sample included 8 central 
incisors, 40 lateral incisors and 32 canines to be used as 
experimental teeth. These teeth were assigned into 8 randomly 
chosen sample groups, and every sample group included one 
central incisor, five lateral incisors and four canines. 
All 8 tooth-sample groups were stored in individual, 
sealed specimen containers submerged in Cidexplus except 
during tooth preparation. Glutaraldehyde (Cidexplus) is an 
effective external disinfectant, and it may be useful when the 
interior tissues of teeth are not accessed(86). 
Classification of the Experimental Groups 
Fourteen experimental subgroups were established from the 
eight-tooth sample groups as follows (Table 5): 
I. Shoulder margin groups. The labial surfaces of the teeth 
in these groups were prepared with: 
( 1) a cross-cut fissure carbide bur at high speed, 
(2) a cross-cut fissure carbide bur at high speed and a 
hand instrument, 
(3) a cross-cut fissure carbide bur at high speed and a 
carbide finishing bur at high speed, 
(4) a cross-cut fissure carbide bur at high speed and a 
carbide finishing bur at low speed, 
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(5) a flat-end tapered coarse diamond bur at high speed, 
(6) a flat-end tapered coarse diamond bur at high speed 
and a hand instrument, 
(7) a flat-end tapered coarse diamond bur at high speed 
and a fine diamond bur at high speed, and 
(8) a flat-end tapered coarse diamond bur at high speed 
and a fine diamond bur at low speed. 
II. Chamfer margin groups. The palatal surfaces of the teeth 
in these groups were prepared with: 
(9) a chamfer tip carbide bur at high speed, 
(10) a chamfer tip carbide bur at high speed and a 
carbide finishing bur at high speed, 
(11) a chamfer tip carbide bur at high speed and a 
carbide finishing bur at low speed, 
(12) a chamfer tip coarse diamond bur at high speed, 
(13) a chamfer tip coarse diamond bur at high speed and 
a fine diamond bur at high speed, and 
(14) a chamfer tip coarse diamond bur at high speed and 
a fine diamond bur at low speed. 
The rotary and hand instruments used in this study were 
(Table 6) (Fig. 1, 2, 3) : 
(1) 701L long cross-cut tapered fissure carbide bur, 
(2) H375 taper finishing carbide bur, 
(3) H283E chamfer tip carbide bur, 
(4) RCB H283 finishing carbide bur, 
(5) flat-end taper coarse diamond bur, 
(6) flat-end taper fine diamond bur, 
(7) RCB coarse diamond bur, 
(8) RCB fine diamond bur, and 
(9) hand instrument - Hoe (CP22 10-4-14, Hu-Friedy, 
Chicago). 
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All rotary instruments used were manufactured by Brasseler 
USA, Georgia. 
Two different types of handpieces were used for tooth 
preparation (Fig. 4): a high speed air rotor (250,000-500,000 
r.p.m., Star 430SWL, DEN-TAL-EZ, Inc. USA} and a low speed 
handpiece (5,000 r.p.m., Star Dental Titan 2, DEN-TAL-EZ, Inc. 
USA). 
Tooth Preparation Procedures 
For the purpose of this investigation, it was decided 
that the tooth preparation for metal-ceramic crowns for 
maxillary anterior tooth would be used, as this enabled the 
study of both shoulder and chamfer margins. 
Before tooth preparation, each glutaraldehyde-treated 
tooth was thoroughly rinsed with tap water to reduce 
------
potentially harmful vapors(86). 
All tooth preparation was done at chairside by the author 
at room temperature. Finishing at high speeds was done with 
air-water spray, and finishing at low speeds was done with 
running tap water to simulate the clinical situation when an 
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assistant uses a water spray as a coolant. New rotary 
instruments were used for each tooth preparation. The hand 
instruments were also sharpened prior to each use. All 
residual debris was removed with thorough irrigation with an 
air-water spray (Ardec, Newberg, ORE. U.S.A.) at 26 PSI for 5 
seconds. Each preparation and finishing procedure was 
completed to meet all normally applicable clinical standards 
and criteria consistent with prosthodontic specialty practice. 
A 90 degree cavosurface shoulder margin was placed on the 
labial surface of all preparations, and a chamfered margin on 
the palatal surface. Both margins converged at the midpoint 
of mesial and distal surfaces. The cavosurface line angle was 
placed approximately 1 to 2 mm above the CEJ and followed its 
contour. The shoulder was approximately 1 mm wide and the 
completed chamfer provides approximately 0.5 mm for the 
restoration immediately adjacent to the margin. 
Before and after tooth preparations, the rotary 
instruments of each group were examined under an SEM to 
identify surface texture and structure. 
Replica Technique and Mounting 
The prepared tooth was dried with compressed air for 10 
seconds at 56 PSI. Impressions were made with a vinyl 
polysiloxane impression material (Examix, GC America Inc., 
Chicago), using an automix cartridge mixing system. Bottle 
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covers of 16 mm diameter and 15 mm height were used as trays. 
The inside wall of each tray was coated with adhesive (V.P.S. 
tray adhesive, Kerr Manufacturing Co., Romulus, MI). The 
impression material was syringed onto the margin area of the 
tooth, after which the tooth was positioned into the filled 
tray. After the impression material had set for 10 minutes, 
excess material above the margin of the tray was removed with 
a sharp knife. The tooth was then removed from the tray. 
These negative replicas were poured in an epoxy resin 
(Stycast 1266, Emerson & Cuming Inc., Northbrook, IL). The 
mixed resin was first evacuated for 15 minutes to eliminate 
air bubbles, after which it was poured into the negative 
replicas. The epoxy resin was allowed to set for 24 hours. 
The replicas were then mounted on aluminum stubs. The 
samples were then slowly dehydrated and given an electrically 
conducting coat of gold using a sputter coater (ISI-5400, 
Polaron Equipment Ltd., PA). At 1200v/20mA using a gold 
target in an argon atmosphere for 60 seconds. The resulting 
coating thickness was estimated at about 245 Angstrom (~= 
1/100,000,000 mm). 
An experimentally determined measure of the thickness can 
be obtained from the following equation: 
d =KxixVxt 
where d is the thickness of coating in Angstrom units. 
K is an experimentally determined constant which depends 
on the metal being sputtering and the gas being used, and is 
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based on a distance of approximately 5 cm between target and 
specimen. K is about 0.17 for gold used in conjunction with 
argon gas. 
I is the plasma current in mA (20 mA). 
Vis the volts being applied in kilovolts (1.2 KV). 
tis the sputtering time in seconds (60 sec). 
Therefore, d =KxixVxt =0.17x20xl.2x60 =244.8 Angstrom. 
Double Blind Test 
To reduce the author's bias during the SEM photography 
procedures, a double blind test was performed. 
After completion of the tooth preparation and finishing 
procedures, the author gave every tooth in each group a 
documented code from I to VIII for each group, and from 1 to 
10 for the teeth within the group, such as I-1 or VIII-10. 
Then, a second investigator numbered every tooth replica from 
01 to 80, mixed them after recording the second reference 
code, removed the initial labels, and returned them to the 
author. 
The author categorized and described the results before 
the second investigator decoded the numbered replicas, and 
only compared the differences between the groups afterwards. 
SEM Observation 
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The specimens were examined under an SEM (SX-30E, 
International Scientific Instruments, Inc., CA) operated at 15 
KV with approximately magnifications of 30X and 1oox. 
Photographs of these specimens were made using Polaroid 
positive-negative 4 X 5 inches instant sheet film (Type 55, 
Polaroid Corp., Cambridge, MA). 
The specimens were tilted +45 degree and were aligned at 
a similar position during observation. Three photographs were 
taken on the left side of the prepared margin (shoulder and 
chamfer margins) of every specimen in the following order: (1) 
a gross view at 30X, (2) the middle third of the cavosurface 
line angle seen on the gross view at 100X, and (3) the middle 
third of the axiogingival line angle following the same angle 
of the procedure 2 discussed above at 100X. The unprepared 
tooth surf ace cervical to the margin acted as a control 
surface with regard to enamel surface morphology and/or 
artifact. 
The resulting 420 photographs were arranged in two 
primary groups - the shoulder margin group and the chamfer 
margin group. According to the preparation and finishing 
instruments that were used, the shoulder margin group was 
divided into 8 subgroups and the chamfer margin group had 6 
subgroups. 
After initial evaluation of each series of 30 photographs 
for each group, a determination was made that consistent 
results were obtained within each group. This was confirmed 
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by multiple individuals. The author then selected the best 
representative photographs for each group, after which the 
descriptive and comparative phase of this study was completed. 
The selection criteria for representative SEM photographs 
were as follows: (1) clarity of the cavosurface line angle, 
(2) detail on the axial wall, (3) detail on the gingival wall, 
and (4) detail on the uncut tooth structure. 
Then, the representative photographs of each group were 
compared in three areas - the axial wall, the gingival wall 
and the cavosurface line angle, among shoulder margin groups. 
Only the ·axial wall and cavosurf ace line angle were compared 
among chamfer margin groups because no definite boundary 
exists between the axial wall and the gingival wall. 
According to these comparisons, five rating tables 
resulted using the following criteria: (1) smoothness of the 
prepared surf ace and ( 2) sharpness and consistency of the 
cavosurface line angle. These rankings were used to interpret 
the effects of the different types of instrumentation. These 
results are subjective and at this time no attempt has been 
made to express them in a quantitative form. 
Table 5. Classification of the Experimental Groups 
Groups Preparirv ..t Finishirv Pracecires 
1 Cross-cut fissure carbide bur* 
2 Cross-cut fissure carbide bur* + Hoe 
3 Cross-cut fissure carbide bur* + finishing carbide bur* 
4 Cross-cut fissure carbide bur* + finishing carbide bur** 
5 Flat-end coarse diamond bur* 
6 Flat-end coarse diamond bur* + Hoe 
7 Flat-end coarse diamond bur* + fine diamond bur* 
8 Flat-end coarse diamond bur* + fine diamond bur** 
9 Chamfer tiD carbide bur* 
10 Chamfer tip carbide bur* + finishing carbide bur* 
11 Chamfer tiD carbide bur* + finishing carbide bur** 
12 Chamfer tio coarse diamond bur* 
13 Chamfer tip coarse diamond* + fine diamond bur* 
14 Chamfer tip coarse diamond* + fine diamond bur** 
• At high speed (250,000 to 500,000 r.p.m.) 
.. At low speed (5,000 r.p.m.) 
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Table 6. Rotary and Hand Instruments Used in Study 
Reference 
Grmms Instnments llarufactUl"el" llo. 
1 Long cross-cut tapered fissure carbide bur Brasseler USA. Georgia 701L-012 
2 Tapered finishing carbide bur II H375-012 
3 Chamfer tip carbide bur II H283E·012 
4 Finishing carbide bur II RCB H283-
012 
5 Flat-end tapered coarse diamond bur II 6847-012 
6 Flat-end tapered fine diamond bur II 8847-012 
7 RCB coarse diamond bur II 6878-012 
8 RCB fine diamond bur II 8878-012 
9 Hoe Chand instrunent) HU·Friedy, Chicago CP22 
10-4-14 
46 
Fig. 1. Rotary instruments: Carbide burs. 
Fig. 2. Rotary instruments: Diamond burs. 
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Fig. 3. Hand instrument: Hoe. 
Fig. 4. Handpieces used in study. 
CHAPTER FOUR 
RESULTS 
Three areas of the shoulder configuration examined - the 
axial wall, the gingival wall and the cavosurface line angle, 
is illustrated in Figure s. Two areas (the axial wall and the 
cavosurface line angle) observed for the chamfer contour is 
represented in Figure 6. Table 7 to Table 11 presents the 




r-- axial wall (1) 
........ giDCJival wall (2) 
.._..__ _ ___ +-- cavosurface line angle ( 3) 
~ - tooth aurface 
Fig. 5. Three areas examined in the shoulder 
configuration. 
}-- axial wall ( 1) 
cavoaurface line an<Jle (2) 
}-- unaut tooth aurf ace 
Fig. 6. Two areas examined in the chamfer 
configuration. 
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Shoulder Margin Groups 
Group 1. Teeth prepared with cross-cut fissure carbide burs 
at high speed (Fig. 7, s, 9, 10). 
(1) Axial wall: cross-cut fissure carbide burs at high 
speed produced quite smooth axial wall with some shallow 
nicks presumably resulting from the cross-cut blade. 
(2) Gingival wall: flat gingival walls with multiple 
tracks of application close to the axiogingi val line 
angle. Shallow fracture of enamel prisms was found in 
all of the samples. 
(3}Cavosurface line angle: a straight, neat cavosurface 
line angle with isolated small chips was observed in all 
of the teeth. The size of defects resulting from 
apparent chipping of enamel prisms varied from 10 to 40 
µ. 
-- -------
Fig. 7. Group 1 (Representative). Cross-cut 
fissure carbide bur. (Original magnification 
X31) 
Fig. 8. Group 1 (Representative: Sample 1-9). 
Scanning electron micrograph: Gross view. 
(Original magnification X31) 
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Fig. 9. Group 1 (Representative: Sample 1-9). 
Scanning electron micrograph: Cavosurf ace 
line angle. {Original magnification XlOO) 
Fig. 10. Group 1 (Representative: Sample 1-9). 
Scanning electron micrograph: Axiogingival 
line angle. {Original magnification XlOO) 
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Group 2. Teeth prepared with cross-cut fissure carbide burs 
at high speed and a hand instrument (Fig. 11, 12, 13, 14). 
(1) Axial wall: the axial walls were virtually identical 
to those observed in group 1. 
(2) Gingival wall: the hoeing action produced a very 
smooth, flat gingival wall. Residual debris was found 
near the axiogingival line angle on both axial and 
gingival walls. 
(3) Cavosurface line angle: a perfect cavosurface line 
angle was noted. Few isolated chips were present in two 
teeth. The size of these defects are from 10 to 30 µ. 
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Fig. 11. Group 2 (Representative). Cross-cut 
fissure carbide bur. (Original magnification 
X30) 
Fig. 12. Group 2 (Representative: Sample 2-7). 
Scanning electron micrograph: Gross view. 
(Original magnification X30) 
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Fig. 13. Group 2 (Representative: 2-7). 
Scanning electron micrograph: Cavosurface 
line angle. (Original magnification X99) 
Fig. 14. Group 2 (Representative: 2-7). 
Scanning electron micrograph: Axiogingival 
line angle. (Original magnification XlOl) 
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Group 3. Teeth prepared with cross-cut fissure carbide burs 
at high speed and finishing carbide burs at high speed (Fig. 
15, 16, 17, 18) • 
(1) Axial wall: carbide finishing burs at high speed 
produced a very smooth axial wall. 
(2) Gingival wall: prominent multiple furrows of bur tip 
application were found on the gingival wall. 
(3) Cavosurface line angle: continuous small chips with 
few big ones on the cavosurface line angle were noted in 
7 teeth. The size of these big chips are from 30 to 60 
µ. 
Fig. 15. Group 3 (Representative). Cross-cut 
fissure carbide bur and finishing carbide bur. 
(Original magnification XJO) 
Fig. 16. Group 3 (Representative: Sample 3-4). 
Scanning electron micrograph: Gross view. 
(Original magnification X27) 
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Fig. 17. Group 3 {Representative: Sample 3-4). 
Scanning electron micrograph: Cavosurface 
line angle. {Original magnification X102) 
Fig. 18. Group 3 {Representative: 3-4). 
Scanning electron micrograph: Axiogingival 
line angle. {Original magnification X102) 
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Group 4. Teeth prepared with cross-cut fissure carbide burs 
at high speed and finishing carbide burs at low speed (Fig. 
19, 20, 21, 22). 
(1) Axial wall: the axial wall was smoother than that of 
group 3. 
(2) Gingival wall: carbide finishing burs at low speed 
produced very rough, curl-like of gingival wall because 
of exaggerated fracture of enamel prisms. 
(3) Cavosurface line angle: continuous big chips on the 
cavosurface line angle in all 10 teeth. 
these defects are from so to 120 µ. 
The size of 
Fig. 19. Group 4 (Representative). Cross-cut 
fissure carbide bur and finishing carbide bur. 
(Original magnification X30) 
Fig. 20. Group 4 (Representative: Sample 4-8). 
Scanning electron micrograph: Gross view. 
(Original magnification X30) 
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Fig. 21. Group 4 (Representative: Sample 4-8). 
Scanning electron micrograph: Cavosurface 
line angle. (Original magnification XlOO) 
Fig. 22. Group 4 (Representative: 4-8). 
Scanning electron micrograph: Axiogingi val 
line angle. (Original magnification XlOO) 
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Group 5. Teeth prepared with flat-end tapered coarse diamond 
burs at high speed (Fig. 23, 24, 25, 26). 
(1) Axial wall: rough scratches of the coarse diamond bur 
were discovered on the axial wall. The axiogingival line 
angles were more rounded than those observed in the 
carbide bur groups. 
(2) Gingival wall: obvious shallow fractures of enamel 
prisms were apparent on the gingival wall. 
(3) Cavosurface line angle: continuous small chips on the 
cavosurface line angle were noted in 7 teeth. Residual 
debris was found along both axiogingival and cavosurface 
line angles. The size of chips are from 10 to 20 µ. 
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Fig. 23. Group 5 (Representative). Flat-end 
coarse diamond bur. (Original magnification 
X33) 
Fig. 24. Group 5 (Representative: Sample 5-2). 
Scanning electron micrograph: Gross view. 
(Original magnification X30) 
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Fig. 25. Group 5 (Representative: Sample 5-2). 
Scanning electron micrograph: Cavosurface 
line angle. (Original magnification XlOl) 
Fig. 26. Group 5 (Representative: Sample 5-2). 
Scanning electron micrograph: Axiogingival 
line angle. (Original magnification XlOO) 
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Group 6. Teeth prepared with flat-end tapered coarse diamond 
burs at high speed and a hand instrument (Fig. 27, 28, 29, 
30) • 
(1) Axial wall: the axial wall was as same as that of 
group 5. 
(2) Gingival wall: a flat gingival wall was observed with 
some fracture of enamel prisms because the hand 
instrument didn't contact with those areas. 
(3) cavosurface line angle: the cavosurface line angle 
was perfect. Few big chips were found in 4 teeth. These 
chips are about 30 µ. 
Fig. 27. Group 6 (Representative). Flat-end 
coarse diamond bur. (Original magnification 
X31) 
Fig. 28. Group 6 (Representative: Sample 6-8). 
Scanning electron micrograph: Gross view. 
(Original magnification X30) 
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Fig. 29. Group 6 (Representative: Sample 6-8). 
Scanning electron micrograph: Cavosurf ace 
line angle. (Original magnification XlOO) 
Fig. 30. Group 6 (Representative: Sample 6-8). 
Scanning electron micrograph: Axiogingi val 
line angle. (Original magnification XlOO) 
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Group 7. Teeth prepared with flat-end tapered coarse diamond 
burs at high speed and fine diamond burs at high speed (Fig. 
31, 32, 33, 34). 
(1) Axial wall: fine diamond burs at high speed created 
smoother axial wall with shallow striations. 
(2) Gingival wall: apparent fracture of enamel prisms was 
found on the gingival wall. 
(3) Cavosurface line angle: the cavosurface line angle 
was neat and acceptable without chips, but the fracture 
of enamel prisms ends at the line angle, it looked like 
regular indentations at high magnification. The average 
size of the enamel prism is approximately 4 µ. 
Fig. 31. Group 7 (Representative). Flat-end 
coarse diamond bur and fine diamond bur. 
(Original magnification X30) 
Fig. 32. Group 7 (Representative: Sample 7-2). 
Scanning electron micrograph: Gross view. 
(Original magnification X30) 
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Fig. 33. Group 7 (Representative: Sample 7-2). 
Scanning electron micrograph: Cavosurface 
line angle. (Original magnification XlOO) 
Fig. 34. Group 7 (Representative: Sample 7-2). 
Scanning electron micrograph: Axiogingival 
line angle. (Original magnification XlOO) 
71 
Group 8. Teeth prepared with flat-end tapered coarse diamond 
burs at high speed and fine diamond burs at low speed (Fig. 
35, 36, 37 I 38) • 
(1) Axial wall: the axial wall looked like that of group 
7. 
(2) Gingival wall: the wavy gingival wall with very 
prominent fracture of enamel prisms and tracks of bur tip 
was observed. 
(3) Cavosurface line angle: the cavosurface line angle 
was irregular with continuous small cracks and few big 
chips of enamel edge. 
wider than 200 µ. 
Some of these big defects are 
Fig. 35. Group 8 (Representative). Flat-end 
coarse diamond bur and fine diamond bur. 
(Original magnification X30) 
Fig. 36. Group 8 (Representative: Sample 8-3). 
Scanning electron micrograph: Gross view. 
(Original magnification X34) 
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Fig. 37. Group 8 (Representative: Sample 8-3). 
Scanning electron micrograph: Cavosurf ace 
line angle. (Original magnification X107) 
Fig. 38. Group 8 (Representative: Sample 8-3.). 
Scanning electron micrograph: Axiogingi val 
line angle. (Original magnification X107) 
74 
According to Table 7 to Table 9, flat-end carbide 
finishing burs at low speed (group 4) produced the smoothest 
axial walls, but the poorest gingival walls and cavosurface 
line angles. The best gingival walls and cavosurface line 
angles were created by the both hand instrument groups - group 
2 and group 6. 
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Table 7. Rating of Shoulder Margin Groups 
Shoulder llargin Gnqis 
Axial Wall 
Best 1 Cross-Cut fissure carbide bur* + finishina carbide bur** 
t 2 Cross-cut fissure carbide bur* + finishing carbide bur* 
3 Cross-cut fissure carbide bur* 
Cross-cut fissure carbide bur* + Hoe 
4 -
5 Flat-end coarse diamond bur* + fine diamond bur** 
6 Flat-end coarse diamond bur* + fine diamond bur* 
! 7 Flat-end coarse diamond bur* 
Flat-end coarse diamond bur* + Hoe 
Worst 8 -
• At high speed. • • At low speed. 
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Table 8. Rating of Shoulder Margin Groups 
Shoulder Margin Groups 
Gingival Yall 
Best 1 Cross-cut fissure carbide bur* + Hoe 
Flat-end coarse diamond bur* + Hoe 
t 2 -
3 Cross-cut fissure carbide bur* 
4 Flat-end coarse diamond bur* 
5 Flat-end coarse diamond bur* + fine diamond bur* 
6 Cross-cut fissure carbide bur* + finishing carbide bur* 
l 7 Flat-end coarse diamond bur* + fine diamond bur** 
Worst 8 Cross-cut fissure carbide bur* + finishing carbide bur** 
• At high speed. • • At low speed. 
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Table 9. Rating of Shoulder Margin Groups 
Shoulder Margin GrcqJS 
C.VOSWface Line qle 
Best 1 Cross-cut fissure carbide bur* + Hoe 
Flat-end coarse diamond bur* + Hoe 
t 2 -
3 Cross-cut fissure carbide bur* 
4 Flat-end coarse diamond bur* + fine diamond bur* 
5 Flat-end coarse diamond bur* 
6 Cross-cut fissure carbide bur* + finishing carbide bur* 
l 7 Flat-end coarse diamond bur* + fine diamond bur** 
Worst 8 Cross-cut fissure carbide bur* + finishing carbide bur** 
• At high speed. • • At low speed. 
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Chamfer Margin Groups 
Group 9. Teeth prepared with chamfer tip carbide burs at high 
speed (Fig. 39, 40, 41, 42). 
(1) Axial wall: chamfer tip carbide burs produced general 
smooth axial wall with tracks of multiple application and 
spot-like debris layer. 
(2) Cavosurface line angle: the cavosurface line angle 
was perfect without chips in all 10 teeth. 
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Fig. 39. Group 9 (Representative). Chamfer 
tip carbide bur. (Original magnification X33) 
Fig. 40. Group 9 (Representative: Sample 9-8). 
Scanning electron micrograph: Gross view. 
{Original magnification X31) 
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Fig. 41. Group 9 (Representative: Sample 9-8). 
Scanning electron micrograph: Cavosurf ace 
line angle. (Original magnification XlOO) 
Fig. 42. Group 9 (Representative: Sample 9-8). 
Scanning electron micrograph: Axiogingi val 
line angle. (Original magnification XlOO) 
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Group 10. Teeth prepared with chamfer tip carbide burs at 
high speed and finishing carbide burs at high speed (Fig. 43, 
44, 45, 46). 
(1) Axial wall: the axial wall was smoother than that of 
group 9. 
(2) cavosurface line angle: the cavosurface line angle 
was perfect without chips in all 10 teeth. 
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Fig. 43. Group 10 (Representative). Chamfer 
tip carbide bur and finishing carbide bur. 
(Original magnification XJO) 
Fig. 44. Group 10 (Representative: sample 10-
1). Scanning electron micrograph: Gross 
view. (Original magnification X31) 
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Fig. 45. Group 10 (Representative: Sample 10-
1) . Scanning electron micrograph: Cavosurface 
line angle. (Original magnification XlOl) 
Fig. 46. Group 10 (Representative: Sample 10-
1). Scanning electron micrograph: Axiogingival 
line angle. (Original magnification XlOO) 
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Group 11. Teeth prepared with chamfer tip carbide burs at 
high speed and finishing carbide burs at low speed (Fig. 47, 
48, 49, 50). 
(1) Axial wall: the axial wall was a little rougher than 
that of group 10, especially near the cavosurface line 
angle. 
(2) cavosurface line angle: the cavosurface line angle 
was not so neat and straight as that of group 10. But 
the difference is very little between two groups. 
Fig. 47. Group 11 (Representative). Chamfer 
tip carbide bur and finishing carbide bur. 
(Original magnification X30) 
Fig. 48. Group 11 (Representative: Sample 11-
7). Scanning electron micrograph: Gross view. 
(Original magnification X30) 
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Fig. 49 . . Group 11 (Representative: Sample 11-
7). Scanning electron micrograph: Cavosurface 
line angle. (Original magnification XlOO) 
Fig. 50. Group 11 (Representative: Sample 11-
7). Scanning electron micrograph: Axiogingival 
line angle. (Original magnification XlOO) 
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Group 12. Teeth prepared with chamfer tip coarse diamond burs 
at high speed (Fig. 51, 52, 53, 54). 
(1) Axial wall: a very rough axial wall was produced by 
the chamfer tip coarse diamond bur at high speed with 
horizontal scratches of application and vertical shallow 
fracture of enamel prisms. 
(2) Cavosurface line angle: the cavosurface line angle 
was not so definite but acceptable. Few chips were found 
in three teeth. These defects are less than 20 µ. 
Fig. 51. Group 12 (Representative). 




Fig. 52. Group 12 (Representative: Sample 12-
9). Scanning electron micrograph: Gross view. 
(Original magnification X31) 
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Fig. 53. Group 12 (Representative: Sample 12-
9). Scanning electron micrograph: Cavosurface 
line angle. (Original magnification XlOl) 
Fig. 54. Group 12 (Representative: Sample 12-
9). Scanning electron micrograph: Axiogingival 
line angle. (Original magnification XlOO) 
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Group 13. Teeth prepared with chamfer tip coarse diamond burs 
at high speed and fine diamond burs at high speed (Fig. 55, 
56, 57, 58). 
(1) Axial wall: the horizontal striations were less 
prominent, but the vertical fracture of enamel prisms was 
more evident than those of group 12. Generally, the 
axial wall was smooth. 
(2) cavosurface line angle: the cavosurface line angle 
was neat with few small isolated cracks that were showed 
in three teeth. The size of these defects are from 10 to 
50 µ. 
Fig. 55. Group 13 (Representative). Chamfer 
tip coarse diamond bur and fine diamond bur. 
(Original magnification X30) 
Fig. 56. Group 13 (Representative: Sample 13-
7). Scanning electron micrograph: Gross view. 
(Original magnification X34) 
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Fig. 57. Group 13 (Representative: Sample 13-
7). Scanning electron micrograph: Cavosurface 
line angle. (Original magnification X107) 
Fig. 58. Group 13 (Representative: Sample 13-
7). Scanning electron micrograph: Axiogingival 
line angle. (Original magnification Xl07) 
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Group 14. Teeth prepared with chamfer tip coarse diamond burs 
at high speed and fine diamond burs at low speed (Fig. 59, 60, 
61, 62). 
(1) Axial wall: the fine diamond bur at low speed 
eliminated the horizontal striations, but created more 
prominent and deeper fracture of enamel prisms on the 
axial walls. 
(2) Cavosurface line angle: the ends of fracture at the 
cavosurface line angle resulted in continuous small 
cracks of enamel edge in all 10 teeth. The size of 
defects varied from 10 to 30 µ. 
Fig. 59. Group 14 (Representative). Chamfer 
tip coarse diamond bur and fine diamond bur. 
(Original magnification X30) 
Fig. 60. Group 14 (Representative: Sample 14-
9). Scanning electron micrograph: Gross view. 
(Original magnification X34) 
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Fig. 61. Group 14 (Representative: Sample 14-
9). Scanning electron micrograph: Cavosurface 
line angle. (Original magnification X106) 
Fig. 62. Group 14 (Representative: Sample 14-
9). Scanning electron micrograph: Axiogingival 
line angle. (Original magnification X105) 
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According to Table 10 and Table 11, chamfer tip carbide 
finishing burs at high speed (group 10) produced both the best 
axial walls and cavosurface line angles, whereas coarse 
diamond burs at high speed (group 12) created the roughest 
axial walls, and fine diamond burs at low speed (group 14) 
caused the worst cavosurface line angles. 
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Table 10. Rating of Chamfer Margin Groups 
Chamfer llargin S.-cqJS 
Axial Wall 
Best 1 Chamfer tip carbide bur* + finishing carbide bur* 
t 2 Chamfer tip carbide bur* + finishing carbide bur** 
3 Chamfer tip carbide bur* 
4 Chamfer tip coarse diamond bur* + fine diamond bur* 
l 5 Chamfer tip coarse diamond bur* + fine diamond bur** 
Worst 6 Chamfer tip coarse diamond bur* 
•At high speed. ••At low speed. 
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Table 11. Rating of Chamfer Margin Groups 
a...fer llargin &rcqJS 
Cavosurface Line qle 
Best 1 Chamfer tip carbide bur* + finishing carbide bur* 
t 2 Chamfer tip carbide bur* 
3 Chamfer tip carbide bur* + finishing carbide bur** 
4 Chamfer tip coarse diamond bur* + fine diamond bur* 
i 5 Chamfer tip coarse diamond bur* 
Worst 6 Chamfer tip coarse diamond bur* + fine diamond bur** 
• At high speed. • • At low speed. 
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Examination of Rotary Instruments 
There appeared to be no significant difference on 
scanning electron micrographs between new rotary instruments 
and used ones after each application except that a layer of 
debris covered with the surfaces of both types of used burs 
(carbide bur and diamond bur). 
The small deformed area of blade near the bur tip was 
seldom found on these cross-cut carbide burs of both flat-end 
and chamfer-tip types. 
CHAPTER FIVE 
DISCUSSION 
Advantages of the SEM 
Traditionally, the light microscope is the first 
instrument for observing and identifying the fine-scale 
structure of materials. However, the light microscope suffers 
severe limitations when used to seek more detailed information 
about the specimen, because it has a very limited depth of 
focus. The resolution of the light microscope is limited to 
approximately one half of the wavelength of the radiation 
used, and is about 0.25 µm for green light (550 nm). The 
resolution is worse if white light is employed(S). 
The SEM is able to provide a high-magnification 
reflection of the surface of a material that is very similar 
to what would actually be seen if the surf ace could be viewed 
by the naked eye. Because the SEM has as advantages the 
reduction of artifacts, a straightforward process for 
preparing specimens, large depth of focus and extremely wide 
range of magnification from lOX to 300,000X(87), it 
potentially enables the researcher to easily assess the 
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instruments applied in tooth preparation, the quality of the 
resulting preparations, and the fit of restorations(8). 
It is no wonder that after Boyde et al. introduced the 
usefulness of the SEM in 1969 for clinical dental research, 
most studies (Table 3, 4) have used scanning electron 
micrographs to interpret the effects of instrumentation in 
tooth preparations. 
Qualitative vs. Quantitative Interpretation 
Of ten previous SEM studies (Table 3, 4), four 
investigations used quantitative analyses to interpret the 
results. Tronstad and Leidal ( 12, 13) proposed the cavity 
margin index (CMI) system to score the perfect margin, the 
acceptable margin, the imperfect margin and the unacceptable 
margin. Barkmerier et al.(15) scored those four bevel groups 
on a f our-scale-value-summated rating form by six 
investigators. These authors of three studies then used the 
score of each group to determine the effect of a finishing 
method as well as to compare the influence of different 
techniques. 
But these scores are values on an ordinal scale which has 
two characteristics: (1) different numbers mean different 
things and (2) one number may be "greater than" or "less than" 
another one ( 88) • The ordinal scale is not suited for 
parametric statistical treatment. It is why these· authors 
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needed to define each number with a definite description in 
advance. Therefore, we can say that the results of three 
studies , basically, are qualitative. 
The fourth quantitative study(16) was essentially a 
prof ilometer evaluation. The prof ilometer measurements 
resulted in graphic registration and numeric roughness average 
values of surface roughness. The SEM, in this study, just 
assisted to reveal the results. SEM observation was not used 
in determination of the quantitative values. 
compared to the light microscopy, measuring techniques in 
the SEM are more complicated and difficult. Light microscopic 
images are always vertical to the optical axis and the object 
is viewed only in one plane. In contrast, the SEM has an 
extremely large depth of field and the object is usually 
tilted. Therefore, the scanning electron micrograph is only 
a two dimensional projection of a three dimensional 
configuration. To measure the true dimension on the 
micrograph is dependent on the anqulation of the tilt and the 
orientation of the object(87). Most of studies in measuring 
marginal openings of restorations avoided reporting these 
alignments. They just estimate the interface from two points 
in the same plane. 
In this present investigation, a standard orientation of 
the specimens was adopted to assist a ready comparison of 
micrographs. However, there are many variable factors, 
ranging from the size and shape of the prepared tooth to the 
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three dimensional appearance of tooth preparation. Some 
measurements that the author did are only relative. The 
characteristics of surfaces and line angles were only used to 
represent and rate the experimental groups. 
Design of This Investigation 
According to the literature review (Table 1, 2), most 
studies were designed to discover the effect of tooth 
preparation in class II cavity walls and margins from various 
instrumentations. Only one study ( 16) claimed that the purpose 
of its investigation was to compare the smoothness of prepared 
crown margins by different finishing procedures. 
However, the potential clinical relevance of that recent 
study is questionable, because (1) the preparation was done on 
the 2.5 mm thickness of sliced tooth, (2) the preparing and 
finishing procedures were not performed under clinical 
conditions, ( 3) this study did not report the types of 
marginal configurations that were prepared, and (4) the 
specimens just passed the rotary instruments once and were cut 
by the side of burs , not the tip. Therefore, the conclusions 
of that study may be useful as a reference for the axial wall 
reduction of a tooth preparation, however not applicable to 
the margin area. 
Thus, in our review of the literature did not identify 
any investigation that specifically addressed the geometry of 
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the cavosurf ace line angle on tooth preparation for 
extracoronal restorations. One of the purposes of the present 
investigation was therefore to examine teeth prepared for 
anterior metal-ceramic crowns with particular emphasis on the 
geometry of the cavosurface line angle, the axial wall 
texture, and the degree of roughness of the prepared surface 
immediately adjacent to the cavosurface line angle. 
None of previous studies (Table 3, 4) used the replica 
technique. Rather they used the direct observation method. 
Barnes(ll) reported that teeth frequently fractured in his 
study, because of the high vacuum in the SEM, resulting in a 
reduced number of specimens that were assessed. 
However, many studies(21, 36, 56, 87) regarding the fit 
of crown margins have been used to utilize the following 
advantages of the replica technique: (1) it can be applied in 
both vivo and vitro examinations, (2) it can be preserved 
easily, (3) it is good for longitudinal clinical 
investigation, and (4) it reduces the artifacts resulting from 
specimen fracture. 
The replica technique used in this study has been proven 
to be an excellent tool for observing prepared tooth surfaces. 
Effects of Instrumentation 
The finishing procedure is an important stage of tooth 
preparation. Its purpose is to finalize the shape of the 
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preparation, rounding off sharp angles, ensuring the location, 
contour and width of the margin, and removing small undercuts. 
Simultaneously, it is not necessary, perhaps even undesirable, 
to polish the prepared surfaces. A reasonable degree of 
roughness helps the retention of restorations(61), but 
excessive roughness results in marginal inaccuracy(59). 
Scanning electron micrographs at 30X and lOOX 
magnifications demonstrated a distinct difference in surface 
texture of prepared teeth resulting from the type of burs and 
hand instruments applied in the preparation. 
Effects on Axial Walls 
Basically, the results of this study support that carbide 
burs produce a smoother surface on the axial wall than diamond 
burs do(14, 16, 81, 83). The axial walls prepared and 
finished with carbide burs appeared uniformly smooth, whereas 
those prepared with diamond burs showed horizontal scratches 
on shoulder margins and combined with vertical grooves of 
fractured prisms on chamfer margins. 
Both finishing carbide and fine diamond burs created 
----
smoother axial walls of shoulder margins at low speed than did 
at high speed. But on the axial walls of chamfer margins they 
worked better at high speed. This result may indicate that 
the shape of burs influences their cutting effect on 
respectively flat and curved surfaces. 
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Effects on Gingival Walls 
None of the rotary instruments at low speed and high 
speed produced a smooth and flat gingival wall of the shoulder 
margin. Cross-cut carbide burs at high speed created the most 
acceptable gingival walls among these rotary instrument 
groups. 
The best gingival walls were produced with hand 
instruments - hoe. Rodda et al. (14) in 1977 reported a 
similar result. This result also agrees with the statement of 
Kinzer et al.(75) that when hand instruments are used with a 
scraping or hoeing action, such results in good margins. 
The worst gingival walls of shoulder margins were created 
with finishing carbide burs at low speed. This result implies 
that there is definitely a different effect between the cut 
resulting from the side of a carbide bur and the cut resulting 
from the tip of a carbide bur. 
Effects on Cavosurface Line Angles 
Hand instruments also produced the best result on the 
cavosurface line angles of shoulder margins. Finishing 
carbide burs at high speed created the most acceptable 
cavosurface line angles of chamfer margins. 
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The worst examples of cavosurf ace line angles of chamfer 
margins were resulted from fine diamond burs at low speed. 
Conversely, finishing carbide burs at low speed still caused 
the poorest cavosurface line angles of shoulder margins. 
Effects of the Rotation Speed 
The results of this study showed that the rotation speed 
of burs influences the effect of finishing procedures. 
Finishing carbide burs at low speed produced the best axial 
walls, but the poorest gingival walls and the worst 
cavosurface line angles on shoulder margins. A similar effect 
was observed for diamond burs. 
On chamfer margins, both finishing carbide and fine 
diamond burs at high speed created smoother axial walls and 
cavosurface line angles than both did at low speed. 
CHAPTER SIX 
SUMMARY AND CONCLUSIONS 
The effect of instrumentation from various rotary 
instruments at low speed and high speed, and band instruments 
on extracted teeth under simulated clinical conditions for 
extracoronal restorations was investigated. This pilot study, 
that was· designed for tooth preparation of metal-ceramic 
crowns, showed that there are significantly different results 
between various preparation and finishing procedures on the 
cavosurf ace line angle of two kinds of marginal 
configurations, as well as the axial and gingival walls. 
Hence, the determination of an optimal preparation and 
finishing method for tooth preparation is of influence on the 
resulting roughness of the clinical tooth preparation. 
Eighty extracted human teeth were divided into fourteen 
experimental groups. Shoulder and chamfer margins were placed 
on the labial and the palatal surface respectively. A replica 
technique was used and gold-coated epoxy replicas were 
examined under an SEM at approximately JOX and lOOX 




From observations made in this study, the following 
conclusions can be drawn: 
1. The effect of tooth preparation and finishing 
procedures is influenced by the type (carbide bur or diamond 
bur), the cutting position (side of a bur or tip of a bur), 
the shape (flat or curved), and the rotation speed (high speed 
or low speed) of the rotary instrument. 
2 • Hand instruments (hoes) , produced the smoothest 
gingival walls and cavosurface line angles of shoulder 
margins. 
3. Finishing carbide burs at low speed created the 
smoothest surface of axial walls on shoulder margins. 
4. Few of rotary instruments at low speed in this study 
appear suitable for preparation of the gingival wall and the 
cavosurface line angle of shoulder margins. 
5. On chamfer margins, finishing carbide burs at high 
speed resulted in the least roughness of axial walls and 
cavosurface line angles. 
6. Generally, fine diamond burs produced less smooth 
surfaces than finishing carbide burs did for the finishing 
procedures. 
7. Reducing the rotation speed of fine diamond burs and 
finishing carbide burs increased the apparent roughness of the 
gingival wall and the irregularity of the cavosurface line 
angle. 
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In selecting a proper clinical procedure for tooth 
preparation and finishing, the results of this investigation 
suggest that the basic bulk reduction may be first established 
with a flat-end or chamfer tip coarse diamond bur at high 
speed. Subsequent finishing procedures can then be carried 
out with a finishing carbide bur of a similar configuration at 
high speed. Care must be taken not to instrument the axial 
wall excessively, as such could result in reduced retention of 
the completed crown. Finally, use of a hand instrument with 
a hoeing action refines the gingival wall and the cavosurface 
line angle for shoulder margins. Specifically, this results 
in a smoother surface with fewer defects. 
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